In the last few years Morocco has faced a continuous series of dry seasons, which has put a great stress on its limited water resources. Hence, for some time now Morocco has been considering desalinating seawater to supply fresh water to some areas.
Introduction
Morocco is located in the north-west of Africa. It is bound by the Mediterranean Sea in the north, Algeria in the east, Mauritania in the south, and the Atlantic Ocean in the west. The population is currently around 30 millions and it is expected to reach 36 millions by 2005 and 38 millions by 2010, based on the World Bank growth rates.
The climate of the country is almost arid, except for the Mediterranean coast and the Atlas ranges. Rainfall is irregular and insufficient to cover the current demand for fresh water. In the last few years, Morocco has experienced continuous dry seasons, which has put a great stress on its limited water resources. The availability of water has dropped from 3500 m3/y/capita in 1960 to 950 m3/y/capita presently, and it is expected to decrease further to 490 m3/y/capita by the year 2020. This means that according to the 'water stress index ' (International Atomic Energy Agency, 2000) , the country will be considered as one facing an absolute scarcity of fresh water.
The water resources in Morocco are summarised in Table 1 . According to the data, Morocco is using more than 40% of available water; therefore, there is an urgent need for intensive management of supply and demand. In view of the limited water resources Morocco is considering seawater desalination to mitigate the potable water deficit in some areas. Presently, the National Potable Water Utility is operating a number of demineralisation and desalination units in the southern provinces.
Energy sources
By the end of 2000 (Benhima, 2001) , the installed power capacity in Morocco had reached a total of 4455 MW (13942 GWh of energy demand). Table 2 shows the detail of energy generation by source.
Table 2
Energy generation by source
Source of energy Power (MW)
Hydro 1175 Thermal 2545
Gas turbines and diesel generators 781
Wind 54
Total 4455
About 90% of the fossil energy sources are imported. On the other hand, hydropower is not fully utilised due to irregularity in rainfall. The growth rate during the next decade would be around 6% per year. So, by the year 2010, the total installed power will reach about 7000 MW.
As part of its policy for seeking the diversification of energy resources, one option is to consider nuclear power as an alternative to meet the power generation need.
To that end, a feasibility study and siting of the first nuclear power plant in Morocco was undertaken between 1984 and 1996. The conclusion of this study showed the viability of the nuclear option. However, the study, which was based on large sizes reactors (900 MW), also showed that the commercially proven large size reactors could not be integrated in the grid before 2015 due to their limited capacity.
Subsequently, the actual prospect the forecasts of a growth of foreign energy supply sources marked by the shutting down of the unique national coal mine and a trend towards saturation of hydropower potential, as well as, increase of environmental pollution by fossil fuel plants (Benhima, 2001) .
Due to these reasons and the present state of reactor technology, the study is being updated taking into account the new generation of small and medium reactors (300-600 MW), which could be safely inserted in the national grid and would then contribute towards satisfying the energy demand in 2015. Presently, the National Electricity Utility is preparing the bid invitation specifications with the help of the IAEA experts.
Institutional infrastructures
In its effort to build the necessary infrastructures for a nuclear power programme Morocco took major steps toward the establishment of the regulatory authorities and scientific institutions. In this regard, we can mention:
• The National Council of Nuclear Energy (CNEN), which assists the government to draw a national policy on the peaceful use of nuclear energy for technical and economical development.
• The National Centre of Radiation Protection (CNRP), which is in charge of the control, inspection and authorisation of the radioactive sources utilization.
• The Nuclear Safety Authority which deals with nuclear installations.
• The National Centre for Nuclear Energy, Sciences and Techniques (CNESTEN) which aims at promoting the use of nuclear energy to help in setting up a nuclear power programme and to provide training in a variety of nuclear fields. Furthermore, the CNESTEN, through its nuclear research centre, which is to be commissioned in less than a couple of years, will play a major role in the preparation of the qualified personnel for such activities.
All these organisations contribute towards the elaboration and preparation of the regulations related to nuclear activities.
Nuclear desalination
In response to the increasing need for energy and water, and in recognising the possible role of nuclear energy in seawater desalination, Morocco participated, together with the North African countries, in the IAEA regional project on the feasibility study of seawater desalination using nuclear energy. Based on the selected energy source/desalination process combination for five regional sites, it was found (International Atomic Energy Agency, 1996) that costs of desalted water using the most economic fossil and nuclear-driven desalination processes were in the same range.
Subsequently, Morocco carried out a feasibility study for the construction of a demonstration plant for seawater desalination using a 10 MW nuclear heating reactor with China and IAEA. The objective of this demonstration plant (Benhima, 2001 ) was:
• to build up technical confidence in the utilisation of a nuclear heating reactor for seawater desalination
• to establish a database for reliable extrapolation of water production costs for commercial nuclear desalination of the same type (200 MWth, 160 000 m3/day).
The study was completed in 1998 and showed that for the proposed two sites in Tan-Tan along the Atlantic Coast there are no conditions which could preclude the construction and safe operation of a nuclear desalination plant. It also showed that the production cost of potable water is a little high due to the small scale of the nuclear desalination plant and high discount rate.
In keeping with its interest in nuclear desalination, CNESTEN participated in the Coordinated Research Project (CRP) titled 'The optimisation of coupling of nuclear reactors and desalination systems'. This project seeks to investigate all the possibilities of achieving optimal coupling, with an emphasis on other possibilities, especially those that were not taken into consideration in the previous studies. It takes into account the recent developments in nuclear reactors and desalination technologies. The study is currently in progress.
Prospects of nuclear desalination
Even though Morocco has taken a serious step towards setting up a nuclear power programme, which will help in the implementation of nuclear desalination, some constraints still persist and need to be overcome. In order to succeed in the introduction of the nuclear power plant and its use for desalination more steps have to be taken. Among these we can mention:
• the importance of a well planned and executed programme on the development of the required infrastructure according to the objectives of the nuclear programme
• the required infrastructure could only be justified, if there is plan to build a series of units
• the selection of the nuclear reactor type must take into account all the fuel cycle including the back end
• the reinforcement of the scientific institutions involved in nuclear desalination.
Concerning the energy sources for nuclear desalination, small-and medium-sized reactors have a good potential for future deployment, especially in developing countries both for power generation and desalination. However, the most serious constraint for nuclear power introduction in developing countries is the difficulty in obtaining finances. Innovative financing models like BOT (build-operate-transfer) or BOO (Build-OwnOperate) are now being used in some cases for thermal power plants. A few attempts have been made to use them for nuclear plants but they have not been successful due to their slow cost recovery and the problem of civil liability in case of a nuclear accident. Some efforts have to be made in terms of financial arrangements in order to lessen these difficulties.
As for the safety aspects of nuclear desalination, there are some issues that need to be assessed, especially the safety of the thermal coupling between the reactor and the desalination unit. Among other important issues is the economic competitiveness of the nuclear desalination option, which has to be verified through demonstrations.
Finally, the success of any nuclear desalination project depends on the efforts made to communicate with the public and more importantly the decision makers.
Conclusions
Nuclear desalination could be an attractive option for Morocco in view of the limited energy and water resources. However, the implementation of such installation requires institutional infrastructure, which is currently under development. On the other hand, the nuclear option still needs to demonstrate its viability and competitiveness. Finally, the safety concern has to be addressed.
